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ARTICLE INFO ABSTRACT

Keywords: Pod Hradem Cave, located in the Moravian Karst, Czech Republic, offers an excellent opportunity for en-
Palaeoclimate vironmental reconstructions of Marine Isotope Stage 3 (MIS 3) in Central Europe due to its detailed sedimentary
Geoarchaeology record dated 50,000 to 28,000 cal BP. Identifying the natural environments of the Middle to Upper Palaeolithic
Hl.lman occupation (MUP) transition is necessary to understand the settlement strategies and related behaviour of both Neanderthals
Ig;zz‘;]’:;rist};gh’gy and Anatomically Modern Humans, both of whom may have occupied the region at the same time. A multi-

disciplinary excavation was carried out between 2011 and 2016. Detailed analyses of the sediments, vertebrate
microfauna, pollen and charcoal revealed minor but observable fluctuations in climate, with little change in the
surrounding vegetation. The Pod Hradem palaeoenvironmental dataset is complex, but generally reflects a
predominantly glacial climate with a range of vegetation types and habitats during the Late Pleistocene, fol-
lowed by the warmer and more humid Holocene. The MUP transition as recorded in Pod Hradem Cave was a
glacial environment interrupted by two relatively warmer periods. Central Europe experienced extreme climate
fluctuations during MIS3, as recorded from different sedimentary archives, but it seems that the Pod Hradem
Cave environment may have acted as a buffer zone, ameliorating those extremes, and providing a suitable refuge
for both bears seeking winter hibernation dens and occasionally visiting humans.

behaviour of Palaeolithic populations as evidenced by cultural changes
and probably population breakdowns (Bradtmoller et al., 2012). Sev-

1. Introduction

The extreme variability of Late Pleistocene climatic change in
Europe is now widely acknowledged, and an increasing number of high-
resolution climatic records demonstrate frequent high-amplitude cli-
matic changes (Blockley et al., 2012; Moseley et al., 2014). During that
time hominin populations in many different geoclimatic regions re-
peatedly experienced environmental shifts that sometimes occurred on
decadal time scales (Allen et al., 1999; Bradtmodller et al., 2012;
Clement and Peterson, 2008; van Andel and Davies, 2003). Rapid cli-
mate change during Marine Isotope Stage (MIS) 3 influenced the
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eral studies examine the complexity of the Early Upper Palaeolithic
(EUP) and Anatomically Modern Human (AMH) interaction in the
Middle Danube region (Nerudova et al., 2016; Rougier et al., 2007;
Svoboda et al., 2002; Trinkaus et al., 2003, 2013). The Danube Corridor
and the Population Vacuum models for the early migration of modern
humans into the Upper Danube Basin around 40ka BP are linked to
major climatic fluctuations around the time of Heinrich Event 4 cooling
and so provide a framework for the geographic expansion of AMH into
Europe (Conard and Bolus, 2003, 2008). When Europe was being
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colonized by AMH, the impact of subsequent extreme climate changes
caused other environmental conditions to switch repeatedly. A number
of researchers discuss the adverse reaction of Neanderthal populations
to climatic stress (e.g. El Zaatari et al., 2016; Jiménez-Espejo et al.,
2007; Tzedakis et al., 2007; Stringer et al., 2003). Successful adaptation
to abrupt environmental changes has been cited as a hallmark of AMH
and was achieved through innovation in both technology and social
organization, to create what Gamble (1999) described as ‘a dispersal
specialist with a global distribution’. The variability selection model
proposes that as hominid evolution during the late Pleistocene era was
increasingly dominated by great environmental instability, it resulted
in hominids being exceptionally proficient in behavioural novelty, di-
versity and highly sophisticated use of environmental data (Potts,
1998). In general terms, the Neanderthals were also able to successfully
adapt to many climatic changes during their long occupation of Europe
and parts of Asia, however interpreting the evidence using the varia-
bility selection model, it appears that this characteristic may not have
been as developed in Neanderthals as in AMH.

Identifying the palaeoenvironment at the time of the MUP (Middle
to Upper Palaeolithic) transition is necessary to understand the settle-
ment strategies and the behaviour of Neanderthals and AMH. Given the
likelihood of early arrival of AMH in Moravia (Hoffecker, 2009; Richter
et al., 2008) and the newly calculated ages for late Mousterian (e.g.
Higham et al., 2014), it is plausible that both hominids may have oc-
cupied Moravia at the same time (also see Hublin, 2015). As Pod
Hradem Cave provides a well stratified sedimentary archive for the
period from 50,000 to 28,000 years ago, recording occasional human
visits, the main questions of this study are as follows: (i) Can we re-
construct the palaeoenvironments in the cave surroundings from the
sedimentary archive data and other proxy data?; (ii) Is it possible to
reconstruct the climatic trends for the period of the MUP transition?;
and (iii) Did humans visit the cave during specific climatic periods?

2. Climate and regional settings
2.1. Climate and environment of Middle Europe in MIS 3

The rapid episodic changes that took place during the MIS 3 period
are well described on the global scale, but the regional patterns were
complex and are less well understood. Terrestrial and marine proxies
show that western European and offshore environments were affected
strongly by Dansgaard—Oeschger (D-O) (Dansgaard et al., 1993) and
Heinrich (H) events (Heinrich, 1988) that correlate roughly with the
Greenland record. Greenland stadials were generally contemporaneous
with semi-desert or steppe vegetation and Greenland interstadials with
forests (see e.g., Sanchez-Gori et al., 2002). Until recently, the effects of
the D-O and H events on Central European biomes were virtually un-
known; however, a recent study at the Holloch cave has demonstrated
that the climate of the high-elevation northern Alps was as responsive
to D-O forcing mechanisms as Greenland (Moseley et al., 2014).

Vegetation communities changed frequently in response to those
climate shifts, and are probably a detailed reflection of the regional
scale of climatic changes, as for example in the case of Western, Central
and Eastern Europe (Sirocko et al., 2016; Pirson et al., 2012; Allen
et al., 1999; Feurdean et al., 2014). Although pollen analyses are
available for short sections of sedimentary profiles in Moravia and
adjacent regions (see Doldkovd, 2002; Jankovska, 2006; Jankovska and
Pokorny, 2008; Rybnickova and Rybnicek, 2014; Seitl et al., 1986;
Svobodovd, 1988), the lack of accurate dating prevents their integration
into an overall scheme for local Late Pleistocene vegetation patterns.
Therefore, the detailed Late Pleistocene climatic and environmental
history of the central European region is not well known, especially the
archaeologically significant period of the Middle to Upper Palaeolithic
(MUP) transition, ca. 50-35 kyr (see e.g., Gamble, 1999; Svoboda et al.,
2009; van Andel and Davies, 2003).

Broad climate trends for Europe during the period just before and
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during the MUP transition can be summarized as follows: a cold period
occurred between 66 and 60 kyr near the end of MIS 4 when the
Fennoscandinavian ice sheet spread south from northern Europe (van
Andel and Davies, 2003). At the beginning of MIS 3, at about 57 ka
(Lisiecki and Raymo, 2005) (compare with the suggestion of 59 ka in
Pettitt and White, 2012), the ice withdrew rapidly and the climate re-
mained moderately warm until it again began to deteriorate from about
44 ka (Barron et al., 2003). This deterioration continued to the end of
MIS 3 (28 ka). With the onset of MIS 3, cold stadial events occurred
more frequently until about 37 ka, after which the temperatures were as
cold as, or even colder than the Last Glacial Maximum (LGM) (ap-
proximately 27 to 16 kyr) (see Davies and Gollop, 2003). The relatively
short-term, millennial-scale D-O oscillations are difficult to correlate
with archaeological events in practice because archaeological events
are generally dated at a lower resolution than climatic events (van
Andel and Davies, 2003), so the climatic oscillations during MIS 3 make
any direct links between human behaviour and climatic conditions
possible only at a general level (Barron et al., 2003).

Generalised climatic models are not applicable to individual sites or
even regions. Europe is highly complex geographically and geomor-
phologically, so various microclimatic variables such as local topo-
graphy and solar exposure need to be taken into account in any re-
construction (Blades, 1999). It is likely that Europe comprised a mosaic
of different environments during this period. The relevance and validity
of former local stratigraphic schemes also needs to be taken into ac-
count (Lis et al., 2018; Vandenberghe and van der Plicht, 2016).

2.2. Caves as a possible environmental archive for MUP transition climate
changes

Several different terrestrial sedimentary archives are available for
palaeoenvironmental reconstructions of MIS 3 in Central Europe. The
most widespread and much studied are loess deposits (Haesaerts et al.,
2003; Sima et al., 2013), especially those associated with archae-
ological materials (Antoine et al., 2013; Fuchs et al., 2013; Lisa et al.,
2014; Svoboda, 2009). The advantages of using the loess record derive
from the near-continuous sedimentation across long distances allowing
comparisons between sites, but the open conditions of loess formation
means the loess record can provide only limited details.

Sedimentary deposits in caves provide another archive within which
human as well as climatic impacts can be studied. Although cave se-
diments generally cannot provide palaeoenvironmental records with as
much precision as marine or lacustrine deposits, partly because of
hiatuses in deposition and inherent lack of dating precision, many such
sites nevertheless act as sediment traps, and significant conclusions can
be drawn from their sedimentary records (Karkanas and Goldberg,
2013; Woodward and Goldberg, 2001). The investigation of cave sites
needs to be accompanied by detailed geomorphological, sedimentolo-
gical, paleoecological and geochronological studies of the off-site
Quaternary record (Woodward and Bailey, 2000).

Most of the environmental information for MIS 3 recorded in cave
deposits has come from southern and western Europe (Courty and
Vallverdu, 2001; Ellwood et al., 2001; Finlayson et al., 2006; Jennings
et al., 2009; Karkanas and Kyparissi-Apostolika, 1999; Madella et al.,
2002; Pirson et al., 2012; Walker et al., 2013; Zilhao et al., 2016).
Collectively those deposits have provided information about the cli-
mate, which has varied from warm and humid through cooler and drier
environments with different phases of hiatus or post-depositional
change. On the other hand, only a handful of Central European caves
have produced a detailed MIS 3 sedimentary record.

Important cave sites with long stratigraphic histories are found in
the Ach (Brillenhohle, Sirgenstein, Geissenklosterle, and Hohle Fels)
and Lone Valleys (Bocksteinhohle, Bockstein-To6rle, Hohlenstein-Stadel,
Hohlenstein-Barenhohle and Vogelherd) (Bolus, 2003) and in Bavaria
(Hunas) (Rosendahl et al., 2011). The problem is that few of them have
produced substantial data for detailed environmental interpretation.
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